A svstem of miultiple-lead exeicise electrocardiography has been applied to the study of 107 normal subjects and 67 patients with angina pectoris. The results of this test are compared to those of coronary cinearteriography in 84 patients. In-exercise ECGs gave useful additional information in 59% of the angina patients but were essential for interpretation in 9%. It added considerably to the safety of the test. The value of each individual lead and of the multiple lead system was assessed. Lead V6 was the most often positive, but each made a contribution in some cases. Test-retest reproducibility survey indicated that five of 65 tests on 25 subjects failed to conform. Evidence has been presented that 1.0 mm of ischemic S-T segment shift was the best criterion for a positive test in the subjects studied. The test was positive in 84% of 67 patients with angina pectoris and 3.7% of 107 normal subjects (excluding vasoregulatory hyperreactors). The double twostep test given to the first 41 of the same angina patients for comparison was found to give 61% positive reactions despite the use of multiple leads and in-exercise recording. The test was administered to 84 subjects who were studied concurrently by selective coronary cinearteriograms and these two parameters were compared with the clinical diagnosis of angina in each patient. Since each of these parameters represents a different facet of coronary arterial disease, the agreement among them is very instructive. 
but each made a contribution in some cases. Test-retest reproducibility survey indicated that five of 65 tests on 25 subjects failed to conform. Evidence has been presented that 1.0 mm of ischemic S-T segment shift was the best criterion for a positive test in the subjects studied. The test was positive in 84% of 67 patients with angina pectoris and 3.7% of 107 normal subjects (excluding vasoregulatory hyperreactors). The double twostep test given to the first 41 of the same angina patients for comparison was found to give 61% positive reactions despite the use of multiple leads and in-exercise recording. The test was administered to 84 subjects who were studied concurrently by selective coronary cinearteriograms and these two parameters were compared with the clinical diagnosis of angina in each patient. Since each of these parameters represents a different facet of coronary arterial disease, the agreement among them is Unfortunately, however, the exercise test has been less than perfect in effecting a separation between patients with ischemic heart disease and normal population, but its obvious advantages have stimulated the current effort to improve the test. We have reasoned that the sensitivity of the test for myocardial ischemia could be improved if the electrical activity from more areas of myocardium could be sampled both during and after exercise. To accomplish this an electrode, a system of electrode placement, and a means of providing measurable external work have been developed.'
The multiple-lead records obtained with this system bear close resemblance to standard scalar electrocardiograms (ECGs) in the same subjects, and hence, can be interpreted by criteria developed for standard records.
The purpose of this report is to describe the application of this method to the study of normal subjects, patients with classical angina pectoris, and a group of patients with chest pain or abnormal stress electrocardiograms who were studied concurrently by coronary cinearteriography.
Methods
Tests were performed at least 2 hours after the last meal, and the subjects were instructed not to smoke during the 2 (4) heart rate 90% of maximal for subject's age.5 Initially, we had relied on a bicycle ergometer as the means of providing measurable external work. We found, however, that about 10% of the patients could not ride a bicycle or operate the bicycle ergometer. The escalator ergometer2 then was developed and proved very successful except for subjects with painful abnormalities of the legs. Some subjects were in such poor general athletic condition that they complained of intolerable fatigue before reaching 90% of the predicted maximum heart rate. However, only about 5% of the candidate subjects were unable to complete the test.
Interpretation of Records
The criterion for a positive test is the development of 1.0 mm or more of ischemic S-T segment shift lasting for 0.08 second or longer, occurring during or after exercise.1 6 This shift is measured from the base line which is defined as the line connecting two consecutive P-Q junctions. In a few subjects exercise produced elevation of the S-T segment of the type described in Prinzmetal's "variant angina" at rest.7 This we accept as a positive test if it fulfills the above criterion except that the S-T is horizontal or upsloping.8-'0 In records in which the S-T segment at rest lies above the base line, this upward displacement is disregarded and only displacement below the base line is considered significant in the in-exercise and post-exercise records. In records in which the S-T segment at rest lies below the base line, this amount of downward displacement is subtracted from the subsequent S-T depression in the stress and post-stress records, and the net resulting S-T shift is recorded as the final result.
In-exercise records were compared with preexercise records taken when the subject was standing, and post-exercise supine records were Circulation, Volume XXXVI, October 1967 Eighty-four patients were studied by both this exercise stress test and coronary arteriography. None of the 84 was considered clinically completely normal, each having sufficient chest discomfort or ECG abnormality on previous ECG stress tests to justify coronary arteriography. Thirty-seven of the 84 had typical angina pectoris, some of them being included among the "angina pectoris group" above. In addition, six were classified as having atypical angina pectoris because in the judgment of the clinicians their pain was probably ischemic myocardial pain but did not fulfill one or more of the criteria for typical angina pectoris. The remaining 41 patients were classified prior to ECG stress testing or arteriography as "other," indicating that on clinical grounds their chest discomfort was considered not definitely to be due to coronary insufficiency.
Vasoregulatory Hyperreactors
We have excluded from consideration in this study a group of subjects to be designated as physiological vasoregulatory hyperreactors. The subjects in this group had unusual "positive" exercise ECGs which were presumably attributable to dysfunction of the sympathetic nervous systemll-"4 and not to myocardial 30 showed "anterior" ischemia (leads I and V3-6), eight showed "posterior" ischemia (leads II, III and aVF ), and 18 showed combined patterns.
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more than one lead, some being positive in as many as six leads. Since one third of the patients had positive responses in one lead only, it is clear that if any of these leads were not recorded significant information would be missed. Follow-up studies on a long range basis will be needed to determine whether the location of ischemia will correlate with location of subsequent infarcts and whether multiple-lead ischemia will bear a worse prognosis than single-lead ischemia.
Comparison with Double Two-Step Test
In order to evaluate the results of this test with a familiar reference, we have studied 41 patients with typical angina pectoris and 63 normal subjects, administering to each subject a double two-step test4 and a graded ergometer stress test as described above. The order of these was randomized and a rest period separated the tests. Table 4 demonstrates that only 61% of the angina patients show a positive result by the double two-step test, even given the advantage of multiple leads and in-exercise recordings. By the standard technique with observations only in the post-exercise period this percentage of positive reactors would have been still lower (23 positives or 56%). However, when these same subjects perform the graded ergometer stress test, the number of positive reactors rises to 85%. The marked increase in yield we attribute to the heavier work load and to the longer duration of the work period which permits the patient's circulatory system to approach a steady state in contrast to the 3-minute work period of the double two-step test.15
Results in Normal Group
The total number of normal subjects tested by the graded ergometer stress test is 107, with four (3.7%) positive reactors (excluding the physiological vasoregulatory hyperreactors described above). Exercise tests have been performed on 84 subjects who also were studied with selective coronary cinearteriography. This has given us three simultaneous parameters for comparison in each of these subjects: the clinical diagnosis of angina pectoris, the amount of ischemic S-T segment shift with exercise, and the degree of coronary narrowing demonstrated by arteriography. The first two of these have been defined above, and the following criteria for arteriographic classes were used'6: 0, no apparent narrowing; I, minimal narrowing; II, narrowing greater than 50% of the lumen of one artery; III, multiple severe narrowings; and IV, one or more complete occlusions. Figure 3 shows the amount of S-T segment shift for each of the 84 subjects in the single lead with greatest abnormality, the subjects being divided into arteriographic classes and into clinical groups according to the presence of typical angina pectoris.
When one observes this graph from the standpoint of the clinical diagnosis, it is seen that with three exceptions the 37 subjects with typical angina have severely diseased coronary arteries, and with seven exceptions show 1.0 mm or more of ischemic S-T segment shift. From the arteriographic viewpoint, subjects with severe disease commonly have ischemic S-T depression on exercise and those with normal arteries rarely do. From Inspection of figure 3 shows that there are seven subjects with typical angina pectoris who are just barely positive with a 1.0-mm ischemic S-T shift. The use of 0.75 mm as the criterion for positivity would more clearly separate the angina patients, but such a criterion would result in the inclusion of three more false positives. If the value of 0.5 mm were accepted, nine more false positives would appear. It appears therefore that 1.0 mm is the best criterion for a positive test. Furthermore, displacements of less than 1.0 mm cannot be measured accurately by eye.
We considered the possibility that the sum of the S-T segment displacements in several leads might be a more meaningful index of myocardial ischemia than the maximum displacement in a single lead. In order to test this hypothesis, the information from the subjects who have received arteriograms and graded ergometer exercise tests was graphed to show the sum of ischemic S-T shifts for each subject plotted against the number of leads showing ischemia (fig. 4) . The sum of ischemic shifts for any subject was obtained by adding together the greatest amount of shift in each of the leads of his graded ergometer test, Nvhether during or after exercise. For example, a subject showing 0.5 mm in leads I and II during exercise and 0.75 in V6 after exercise would have a sum of 1.75 in three leads. Observation of figure 4 shows that, whereas this method makes six typical angina patients clearly positive reactors who had been barely positive in figure 3 , it also creates four more false positives. When these same 84 patients are identified as to arteriographically demonstrated coronary artery disease, it is seen that the sum-of-ischemic-depression criterion makes two more false positives in classes 0 and I while making six patients clearly positive in classes II, III, and IV, who are shown in figure 3 as barely positive. It may be that in a larger population this more complex method will prove a helpful discriminant but from the present sample its value appears too slight to justify its routine use.
